Four patients with primitive ventricle and normally related great vessels with stenotic subpulmonary outlet chamber (Holmes' heart with pulmonary stenosis) are reported. The history, physical examination, and chest x-ray film are not helpful in distinguishing Holmes' heart with pulmonary stenosis from tetralogy of Fallot. Electrocardiogram often provides the first clue to the presence of Holmes' heart; left axis deviation with or without left ventricular hypertrophy is an unusual finding in tetralogy of Fallot, but common in Holmes' heart. Selective ventriculography is diagnostic: the right ventricular outflow chamber overlies the aortic root and aortic valve in the frontal view in Holmes' heart with pulmonary stenosis, but is to the left of the aortic valve in tetralogy of Fallot; no ventricular septum can be identified in Holmes' heart. The diagnosis can be suspected in a child with clinical features of tetralogy of Fallot but atypical electrocardiogram, and can be established by angiography.
Single ventricle accounts for 2 to 3 per cent of congenital heart disease (Abbott, 1936; Fontana and Edwards, 1962) and is usually associated with transposition of the great vessels (Elliott et al., 1963) . In 10 to 15 per cent of cases, the great arteries are normally related. Single ventricle with normally related vessels was first described by Holmes in 1824 (Holmes, 1901) . The features of the case described by Holmes include a single ventricle receiving two separate atrioventricular valves and giving rise to normally related great vessels. The morphology of the single ventricle in all cases of Holmes' heart to date has been left ventricle, corresponding to type A single ventricle of Van Praagh (Van Praagh et al., 1964) . Embryologically, the ventricular malformation of type A single ventricle is absence of the right ventricular sinus (body or inflow).
Pulmonary stenosis is frequently associated with Holmes' heart. There is a striking clinical similarity between Holmes' heart with pulmonary stenosis and tetralogy of Fallot (Rosenquist et al., 1963; Klaus et al., 1969; Rao and Edwards, 1974) . This review of published papers and report of our own 4 cases is prompted by our experience with a patient with Holmes' heart and pulmonary stenosis Received for publication 1 March 1977 who was sent to operation with the erroneous diagnosis of tetralogy of Fallot. The purpose of this paper is to present these cases and to discuss the distinguishing diagnostic features of the lesion. We use the term 'Holmes' heart with pulmonary stenosis' to describe primitive ventricle with normally related great vessels and stenotic subpulmonary outlet chamber.
Clinical material
Four cases of Holmes' heart with pulmonary stenosis seen at Children's Hospital National Medical Center were reviewed. The diagnosis was confirmed at necropsy in 1 and by angiography in 3 cases. Each of the 4 patients had 2 normal atrioventricular valves, a single ventricle with normally related great vessels, and pulmonary stenosis. Clinical x-ray, electrocardiographic, and haemodynamic data were available in each of the 4 patients.
Results
CLINICAL FEATURES (Table 1) Of the 4 patients, 3 were female. Case 1 died at the age of 6i years, but the other 3 patients are still alive. All 4 patients had symptoms: cyanosis was present at birth in 2 patients, developed in the first year of life in another, and became apparent at 4 years of age in the fourth; two patients had hypoxic spells before the age of 2 years. The first heart sound was normal in all 4 patients; the second heart sound was single in 3, and normally split in 1. A grade 3 to 4/6 ejection type of systolic murmur was heard along the left sternal border in each patient and was associated with a thrill in 2. None of the patients had a mid-diastolic murmur.
RADIOGRAPHIC FINDINGS (Table 1 and Fig 1) . The heart size was normal in 3 patients and slightly increased in 1. The aortic arch was on the left in all patients. The pulmonary vascularity was decreased in 2, normal in 1, and slightly increased in 1.
ELECTROCARDIOGRAPHIC FINDINGS (Table 2 and Fig 2) . Sinus rhythm was present in all patients. There was left axis deviation in 2, right axis deviation in 1, and a normal axis in 1. Left ventricular hypertrophy was present in 3 patients and right ventricular hypertrophy in 1. One patient (case 3) showed intermittent left bundle-branch block. Frank vectorcardiograms were recorded in 2 and confirmed diminished anterior forces in the Z axis. Table 1 Clinical findings in 4 patients with Holmes' heart and pulmonary stenosis (Fig. 3a) ; (4) the pulmonary artery and aorta appeared to be more directly anterior and posterior than usual on the frontal view; (5) obstruction was present beneath the pulmonary valve in the infundibulum or at the bulboventricular foramen; (6) absence of the ventricular septum was noted on the left anterior oblique view; (7) the right ventricular outflow chamber was located anteriorly and superiorly and transversed the root of the aorta and the aortic valve in the posteroanterior view (Fig. 3a, 4 ).
COURSE AND TREATMENT
One patient died after operation at the age of 6j years from ventricular arrhythmia; pathological examination ( Fig. 5) Holmes' heart with pulmonary stenosis have been described (Fig 6) . Of the 18 patients, 10 (55%) had extreme left axis deviation (00 to -180°), 3 (17%) cases had a normal axis varying from 00 to ±450 (which is further to the left than is usual in tetralogy of Fallot), and 5 cases (28%) had right axis deviation (+95°to +1200). Marin-Garcia et al. (1974) found no correlation anteroposterior view showing the infundibular chamber (IC) which clearly overlies the aortic root. SV, single ventricle; PA, pulmonary artery; Ao, aorta. (Marin-Garcia et al., 1974 ) which may resemble a ventricular septum on the ventriculogram and, therefore, lead to the erroneous diagnosis of tetralogy of Fallot. In both lesions, simultaneous filling of the aorta and the pulmonary artery occurs. However, careful observation of the position of the infundibular chamber is helpful in distinguishing Holmes' heart with pulmonary stenosis from tetralogy of Fallot. In the frontal view, the infundibular chamber overlies the aortic valve and the aortic root in Holmes' heart, but is to the left of the aortic valve in tetralogy of Fallot (Fig.  3a, b) . Thus, in Holmes' heart, the pulmonary artery and aorta appear to have a more direct anteroposterior relation than in tetralogy of Fallot. Failure to show an atrioventricular septum echocardiographically has also been reported to be a helpful sign (Chesler et al., 1970; Meyer and Kaplan, 1973) . Since total correction of Holmes' heart is now feasible, every effort should be made to establish an accurate preoperative anatomical diagnosis (Edie et al., 1973) . 
